We describe a 58-year-old male patient with confusion and prolonged recovery after liver transplantation. A cause was not apparent for the confusion, but during surgery, monitoring of the frontal lobe cerebral haemoglobin oxygen saturation by near-infrared spectrophotometry showed cerebral hypo-oxygenation despite optimization of conventional cardiovascular parameters. It is possible that intraoperative cerebral ischaemia is the cause of postsurgical confusion and with near-infrared spectrophotometry this hypothesis may be tested clinically.
Near-infrared spectrophotometry (NIRS) is emerging as a means for monitoring local cerebral haemoglobin oxygen saturation (ScO 2 ) with sufficient sensitivity, specificity and temporal resolution for the purpose of avoiding potential neurological sequelae in patients with cerebral ischaemia 1 . In adults, the method has been validated successfully during deliberate arterial hypotension 2, 3 and during changes in arterial oxygenation 4 , arterial carbon dioxide and combinations of these 2 . Consequently, the method is undergoing validation in the clinical setting; e.g., during acute heart failure 5 , carotid artery surgery 6 and orthotopic liver transplantation 7, 8 .
During open heart surgery, cerebral deoxygenation as measured by NIRS relates to postoperative neuropsychological dysfunction as determined by memory tests 9 . First and foremost, direct determination of ScO 2 by NIRS is a valuable tool if it can provide information on the brain not deducible from cardiovascular variables, such as blood gases or blood pressure. We report one liver transplant patient in whom NIRS, but not the applied conventional monitoring, reflected cerebral ischaemia and probably heralded post-surgical confusion.
CASE HISTORY
The patient was a 58-year-old male with chronic cirrhosis of the liver (serum bilirubin was 23 mmol.l -1 ) but no other disease except moderate chronic obstructive pulmonary disease. The patient was anaesthetized with intravenous midazolam, fentanyl and thiopentone and maintained with methohexithone and fentanyl. Muscle relaxation was with pancuronium. The patient was ventilated with an oxygen-air mixture of 40/60%, with ventilation adjusted to a carbon dioxide tension of 4.5 kPa. We determined the arterial pressure and the central venous, pulmonary artery mean and wedge pressures (further details of the anaesthesia methods are described elsewhere 7, 8 ) . In this patient, we also monitored internal jugular vein oxygen saturation (SjO 2 ) by retrograde catheterization (14G; Baxter, Uden, The Netherlands). Frontal lobe ScO 2 was measured by dual-wavelength NIRS (INVOS 3100 Cerebral Oximeter, Somanetics, Troy, U.S.A.) with the light source and the sensor placed on the forehead immediately below the hairline.
Induction of anaesthesia was uneventful and cardiovascular variables including arterial pressures (~125/83/65 mmHg), central venous (~11 mmHg), pulmonary artery mean (~22 mmHg) and pulmonary wedge pressures (~15 mmHg), and heart rate (~90 bpm) and SaO 2 (~97%) remained stable during surgery. Soon after induction of surgery, the ScO 2 decreased from 82% to 50% and the SjO 2 from 76% to 59% (Figure 1 ). The central blood volume and hence the cardiac output was kept high by maximizing the central venous oxygen saturation 10 , and cerebral perfusion was supported by correction of any decrement in cardiovascular variables. Despite this, the ScO 2 and SjO 2 remained low during surgery, and towards the end of surgery, the ScO 2 and the SjO 2 stabilized at around 65% and 70% respectively. Postoperatively, the patient was bed-ridden and severely confused, and sedation was required for more than 48 hours. Gross neurological examination and blood tests were normal and a cause was not apparent for the state of confusion that gradually improved, though the patient remained somnolent, confused and paranoid for several days. Four days postoperatively, the patient experienced a transient right-sided hemiparesis with normal speech. Immediate contrast-enhanced CT-scan showed slight cerebral atrophy but was otherwise normal. The patient has made a slow recovery and is now without neurologic sequelae.
In comparison, the last 30 consecutive liver transplantation patients (bilirubin 90 (8-565) mmol.l -1 ) had uneventful recoveries and their initial ScO 2 was 59% [18-78]% (median [range]; Table 1 ). During surgery, the standard deviation of the ScO 2 was 5%, as the ScO 2 maximally decreased by 5 (1 to 17)% in comparison with the initial ScO 2 value (Figure 1 ).
DISCUSSION
During surgery, the cerebral haemoglobin oxygen saturation (ScO 2 ) as determined over the frontal lobe should not be allowed to decrease more than 10% as such a decrease is associated with cerebral dysfunction in a large proportion of subjects and patients 1 . In most patients of this study, this goal was largely obtained and all had uneventful recovery. However, the first patient who presented with post-surgical confusion, symptoms of transient cerebral ischaemia and a prolonged recovery had had an extended perisurgical decrease in ScO 2 of up to 32%.
Decreases in ScO 2 and SjO 2 not associated with changes in systemic cardiovascular variables, as was the case with the presented patient, must reflect cerebral ischaemia from a local cause. Formation and extension of intracranial haemorrhage may be monitored by NIRS 11 , and in one patient with a middle cerebral artery thrombus, ScO 2 increased during recanalization with intra-arterial thrombolytic therapy 12 . Local as opposed to diffuse cortical ischaemia is in line with a more pronounced decrease in ScO 2 than in SjO 2 .
NIRS is based on the translucency of water, the dominant chromophore of biological tissue, in the near-infrared band, and the different absorbance spectra of oxygenated and deoxygenated haemo- 6 : therefore all changes in ScO2 are related to the value at the start of surgery. The time-course for all patients is as documented. globin 1 . Dual-wavelength NIRS derives an ScO 2 proportional to the theoretical true value from the ratio of relative absorbencies of two wavelengths reflecting deoxygenated (733 nm) and the sum of deoxygenated and oxygenated haemoglobin (809 nm). In the reflectance mode applied in adults, the emitter and sensor are placed adjacent to each other, and the emitted light illuminates a banana-shaped sample volume below. Contributions from extracranial tissues are suppressed by measuring the ratios of two detectors located 3.0 and 4.0 centimetres respectively from the light source. The ScO 2 as determined by dual-wavelength NIRS has been calibrated against invasively determined ScO 2 4 and has a coefficient of variation of 6% during repeated determinations 5 . Degradation products of haemoglobin (e.g., bilirubin and biliverdin) in the blood and tissue of patients with hepato-biliary diseases absorb near-infrared light and lower the ScO 2 as determined by NIRS 8 , so that in these patients, mainly intra-patient changes of ScO 2 should be considered. In patients with acute cardiac failure some information is obtained by the absolute level of ScO 2 5 . We suggest that the intraoperative cerebral ischaemia detected by NIRS was the cause of the postoperative confusion in this patient, and possibly related to his focal neurological signs.
